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ABSTRACT
Electron-microscopical studies have revealed the existence of a true eel! wall-probably COII.-
taining cellulose and pectin-between generative and vegetative nuclei in the pollen grain of 'T.
paludosa. The wall is formed by the fusion of pectin vesicles and becomes continuous at the time
of its formation with the intine of the pollen-grain coat. Coincidentally, the inner and outer
plasma membranes bordering the newly formed cell wall participate in formation of the plasma
membranes of the vegetative and generative cells. Attention is directed to the possible role of the
cell wall in facilitating, within the closed system afforded by the pollen grain, the pattern of
differentiation that serves to determine the structural and functional properties of the vegetative
and generative cells.
IN THE MICROSPORE of an angiosperm such as
Tradescantia, the haploid nucleus resulting from
the two meiotic divisions undergoes a post-meiotic
mitosis to give rise to the vegetative and gener-
ative nuclei. This is a differential mitosis, which
is initiated by positioning of the prophase nucleus
close to the heavy or dorsal wall-originally the
inner wall at the time of formation of the quartet
of microspores (Sax, 1935). Evidence of differ-
entiation is apparent soon after completion of the
1 Received for publication September 17, 1964.
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GB-290 from the National Science Foundation and GM-
10499 from the National Institutes of Health, U. S. Public
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3 Present address: Institute for Virus Research,
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mitosis, when the peripherally-lying generative
nucleus begins to follow a developmental pathway
unlike that of the more centrally located vege-
tative nucleus. In the course of differentiation, the
vegetative nucleus enlarges more or less equally
in all diameters to form a spherical unit in which
the chromosomes attain the diffuse state that
bespeaks high metabolic activity, whereas the
generative nucleus elongates more or less uni-
directionally to form a cylindrical unit in which
the chromosomes remain more condensed-
assumedly in preparation for the ensuing division
that will give rise to the two male nuclei.
Differential mitoses are not uncommon in nature
(Ris, 1955), but the microspore division is of par-
ticular interest because it occurs within a "closed
system," whose contents have become insulated
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from those of other similar cells by the formation
of a thick, bilamellate pollen grain wall. One im-
portant consideration in this frame of reference is
the question whether an isolating barrier in the
form of a cell wall exists between generative and
vegetative nuclei as they begin to differentiate.
An answer in the affirmative has been found in
this study, which is based primarily on electron-
microscopical analyses of the fine structure of the
microspores of the spiderwort, Tradescantia
paludosa.
MATERIALS AND METHODs-Pollen grains at
various stages of development-as determined by
cytological examination of the pollen, or morpho-
logical identification of bud characteristics-were
. preserved for electron microscopy. A special tech-
nique for fixation was utilized to obviate the poor
preservation that is frequently encountered when
anthers are processed in toto. The following
method keeps the pollen grains together in one
mass and prevents their desiccation, since they
are encased between two layers of agar.
A 2% aqueous solution of agar was made in a
container heated to 90 C in a water bath. When
cooled to 40 C, this agar solution was used to
facilitate fixation of the pollen grains. A layer
about 2 mm thick was spread on a microscope
slide; the pollen grains were immediately pressed
from the anther onto the agar and then covered
with another layer of the agar solution. From this
agar sandwich, when it had cooled, a small block
enclosing the pollen was cut out. It was lifted from
the slide and placed in the fixative, which was a
5% aqueous solution of KiVIn04, where it remained
for 2 min. The 6 anthers of each bud (or those re-
maining after others had been sampled to deter-
mine the approximate stage of development)
could be processed within 3 to 5 minutes. Little
time was lost, therefore, in preserving all the micro-
spores in a given bud.
Following fixation, the material was rinsed in
30% alcohol and dehydrated through a graded
series of ethyl alcohols. The agar blocks contain-
ing the pollen grains were embedded in an Epon
mixture (Luft, 1961) composed of Epon 812,
dodecenyl succinic anhydride (DDSA) and methyl
nadic anhydride (MNA) in a ratio of 7:6:4 with
1.5% tridimethyl phenol (DMP-30) as an accele-
rator. Ultrathin sections were cut with an LKB-
Ultratome and were examined with an RCA ElVIU-
3G microscope.
RESULTS-As the two daughter nuclei are
formed toward the end of the microspore mitosis in
the pollen grain of T. paludosa, there appears in
the equatorial zone of the spindle a series of "elec-
tron-lucent" vesicles interspersed with tubules
or vesicles of the endoplasmic reticulum (Fig. 1).
By analogy, these electron-lucent vesicles may be
equated with "pectin vesicles," similar to those
that lead to wall formation in meristematic root-
tip cells (Becker, 1938; Porter and Machado,
1960). In the latter study, vesicles of Allium cepa,
which were assumed to contain pectin, were iden-
tified at the electron-microscopical level of resolu-
tion as electron-lucid cisternae lying in the equa-
torial region. In appearance they differed strik-
ingly from the vesicles of the endoplasmic re-
ticulum.
The "pectin vesicles" detected in the micro-
spore of T. paludosa fuse shortly after their
production to form a continuous layer between the
two nuclei (Fig. 2). In cross section, this layer is
seen to be made up of two dense lines, each about
80 A thick, and a middle lighter zone, about 300-
500 A in width. The middle layer, almost entirely
devoid of electron-scattering material, can readily
be distinguished from the cisternae of the endo-
plasmic reticulum, which contain some densely
electron-scattering materials. It thus appears that
a "wall" is formed by fusion of the pect in vesicles.
This wall bends downward around the generative
nucleus and establishes contact with the intine,
or inner layer, of the pollen-grain coat. The region
of contact is conspicuously deltoid-like, as is clearly
shown in Figure 3 (see also fig. A, Plate 3, in
Kaufmann et al., 1961, where a preliminary re-
port of this study was presented). Figure 3 also
shows that when contact is established, the two
dense layers bordering the fused pectin vesicles
become continuous with the plasma membrane,
to establish the membrane of the generative cell
on one side of the newly formed cell wall, and the
membrane of the vegetative cell on the other side.
Although the intine appears to be almost
"empty" (electron-lucent), it shows a marked posi-
tive reaction to the periodic-acid Schiff (PAS)
test of Hotchkiss (1948) when fairly thick sec-
tions (0.5-1.0 p.) are tested. For this reason the
intine is assumed to be composed of substances
containing the 1,2 glycol groups for which the
test is specific. These substances are probably
pectin and cellulose. Evidence for the presence of
cellulose has been obtained by application of the
iodine-potassium iodide-sulfuric acid test. The
intine then appears as a bright-blue layer, and in
favorable preparations the wall surrounding the
generative nucleus is revealed as a thin blue line.
Visualization is probably enhanced and identifica-
tion facilitated by swelling of the cellulose in the
test solution.
As described by Sax and Edmonds (1933), the
location of the generative nucleus depends on the
position of a given pollen grain in the quartet of
microspores, and the prescribed maneuvers of the
large cytoplasmic vacuole. The cell wall described
in the present paper is laid down close to the gene-
rative nucleus which lies near the dorsal wall of
the pollen grain. A very thin investment of cyto-
plasm surrounds the nucleus of the generative
cell at the time of formation of the cell wall, but
the vegetative cell obtains the vacuoles and al-
most all of the cytoplasm of the microspore.
As development of the pollen grain proceeds, the
cell wall becomes detached from the intine of the
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Fig. 1-2.- Fig. 1. Telophase of microspore mitosis of Tradescaniia paludosa. The pectin vesicles (pv) are intermingled
with short vesicular cisternae of the endoplasmic reticulum (er) and are lined up in the equatorial region between the
generative nucleus (gn) and the vegetative nucleus (vn). The contents of the pectin vesicles appear less dense than those
of the endoplasmic reticulum. pw = pollen wall; m = mitochondrion. XI4,OOO.-Fig. 2. Late telophase of the micro-
spore mitosis. The pectin vesicles have fused to form a layer (c) whose contents are less electron-dense (electron-lucid)
than those of the endoplasmic reticulum. Other symbols as in Fig. 1. X20,000.
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Fig. 3-4.-Fig. 3. Just after completion of the mitosis. The cell wall (c) has elongated and fused with the intine of the
pollen wall, as shown at tip of arrow . Note that the intine has an electron density similar to that of the cell wall, and
that the plasma membranes of the generative and vegetative cells are continuous with the plasma membrane bordering
the intine. e = exine, i = intine of pollen-grain wall; p = plastid. Other symbols as in Fig. 1 and 2. X21,000.-Fig. 4.
Mature pollen grain from a flower bud whose petals were purple. The cell wall (c) has become detached from the pollen
wall (pw), so that the generative cell is embedded at this stage in the vegetative cytoplasm. Note the extremely delicate
attenuated cell wall, lying at tips of arrows. X26.000.
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pollen wall, and the generative cell becomes en-
veloped completely by the vegetative cytoplasm.
The cell wall does not disappear, however, even in
the mature pollen grains that are found in open
flowers, although it becomes extremely thin (less
than 300 A), and is obviously narrower than many
of the cisternae of the endoplasmic reticulum
(Fig. 4).
DISCUSSION AND CONCLUSIONs-In describing
our findings, the term "generative cell" has been
used, and this implies that the generative nucleus
with its surrounding cytoplasm is enveloped by a
limiting membrane or layer. Indeed, it has long
been known that the generative nucleus is sur-
rounded by a cytoplasmic sheath, which can be
seen with the light microscope to differ from the
rest of the cytoplasm in stainability (cf. Mahesh-
wari, 1949).
Recent studies also favor the view that there is
some kind of membrane or layer between the two
nuclei, but the actual existence of a true cell wall
has been questioned. Johnstone (1941) observed
that the generative nucleus contains a definite
sheath of cytoplasm and noted that the cyto-
plasmic limits of generative and vegetative cells
are further differentiated by a clear zone which he
regarded as fluid in nature. Hofmeister (1956)
studied the plasmolytic nature of the generative
cell and concluded that it is bounded by at least a
semipermeable membrane. Bopp-Hassenkamp
(1960), in examining electron micrographs of os-
mium-fixed pollen grains of Lilium, found that
vegetative and generative nuclei were separated
by a pair of osmiophilic membranes bounding a
less electron-dense zone of varying thickness. She
inferred that this zone did not contain pectin or
cellulose and that, accordingly, it was not a true
cell wall but merely a bilamellate plasmalemma
that separated the two nuclei. Larson (1963), who
studied with the electron microscope the finestruc-
ture of mature pollen grains of Tradcscantia
paludosa and a number of other genera and species,
reported that no evidence of a cell wall was ob-
served.
Our observations on Tradcscantia paludosa
point in the other direction and suggest that a
true cell wall is present. This is the clear zone be-
tween the two electron-dense lines, which we
believe represent the plasma membranes of the
generative and vegetative cells. The material be-
tween the dense layers is continuous at the time
of its formation with the intine of the pollen-grain
wall, as is clearly shown in Figure 3. Since the
intine, which is electron-lucent, gives a strongly
positive PAS test, it seems likely that the electron-
lucent material which connects with the intine is
also PAS-positive, although a direct test is diffi-
cult because this layer and its associated plasma
membranes form a complex whose dimensions-
at the outset only 600-700 A and somewhat less
thereafter-lie below the resolving power of the
ordinary light microscope. But the electron-
microscopical evidence and that obtained from
the I2KI-H2S04 test for cellulose seem to provide
a reasonable basis for concluding that a true cell
wall is present. A similar conclusion has been
reached by Sassen (1964), who observed a rigid,
cell-waIl-like structure surrounding the generative
cell in petunia.
Our findings lead in turn to the assumption
that the pollen grain of Tradcscantia is a multi-
cellular male gametophyte, similar to that of lower
groups of plants. The electron micrographs demon-
strate that cytokinesis is highly unequal; the
generative cell gets only a little cytoplasm, whereas
the vegetative cell obtains most of the cytoplasm
of the microspore with its included organelles and
vacuolar system. The unequal division and the
separation of the two cells by a finite cell wall
may enable the two nuclei to develop along differ-
ent pathways within the closed system that is
established by formation of the thick, compound
pollen-grain coat. Nevertheless, the insularity af-
forded by a partitioning cell wall does not neces-
sarily preclude the possibility of interaction be-
tween generative and vegetative nuclei nor in-
hibit their capacity to respond in similar manner
to environmental variables (as is suggested in the
findings of Woodard, 1958, and Takats, 1965).
SUMMARy-A cell wall, presumably containing
cellulose and pectin, was observed between the
generative and vegetative nuclei in electron micro-
graphs of the pollen grain of Tradcscantia paludosa.
The cell wall is formed close to the generative
nucleus by the fusion of pectin vesicles and is
bordered by plasma membranes which become
continuous with those of the generative and vege-
tative cells. The significance of the differential
mitosis and of the production of a true cell wall in
controlling pathways of differentiation within the
closed system of the pollen grain is briefly dis-
cussed.
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